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Telomers 
By J. A. VAN ALLAN* 


It has been shown (1) that the addi- 
tion of halogenated methanes to olefins, 
in the presence of small amounts of per- 
oxides or under the influence of ultra- 
violet light, yields products containing 
one or more equivalents of the olefin to 
one equivalent of halogenated methane. 


RCH=CH:+ CClh m+ RCHCICH:2CCls 
RCH=CH:+ CBrs ——> RCHBrCH:CBrs 
RCH=CH:+ CHCls ——> RCH:2CH:2CCls 
RCH =CH: + CHBrs ——p- RCH:2CH:2CBrs 


Carbon tetrabromide gives only one- 
to-one addition products, whereas prod- 
ucts containing two or more equivalents 
of olefin to one of carbon tetrachloride 
often are formed in the addition reac- 
tions of carbon tetrachloride. 

Chlorinated acids, or their derivatives, 
likewise form one-to-one addition prod- 
ucts with olefins (2). 


CH3(CH2)sCH =CH2 + ChCHCOOCHs ——> 
CH:(CH2);CCl.COOCHs 


CH3(CH2);CH=CH: + ClsCCOC] ——> 
CH:;3(CH2);CHCICH2CCl.COCI 


Yield in the latter reaction is 81 per cent. 

Ketones can be prepared directly by 
the addition of aldehydes to olefins. For 
example, the reaction of m-butyralde- 
hyde to hexene-1 in the presence of ace- 
tyl peroxide yields propyl hexyl ketone. 
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Alpha, beta-unsaturated aldehydes can 
be prepared by hydrolysis of the addi- 
tion products of bromodichloromethane 
to olefins. 


CH:3(CH2);CH=CH2 + BrCHCl. ——> 
CH3(CH2)s;CHBrCH2CHCl 
. hydrolysis 
CH:(CH:2);CH=CHCHO 


The reaction of one mole of dibromo- 
dichloromethane with two moles of olefin 
yields halides which can be hydrolyzed 
to substituted divinyl ketones (3). 


2CH3sCH =CH: + CBr2Clz ——> 
CH:sCHBrCH:CCl;CH2CHBrCHs 
y hydrolysis 
CH;:CH =CHCOCH =CHCH:; 


Organic compounds containing phos- 
phorus (4) and silicon (5) are also obtain- 
able through the peroxide-catalyzed ad- 
dition of phosphorus trichloride or tri- 
chlorosilane to an olefin. 


CH3(CH2);CH=CHs: + PCls ——> 
CH:3(CH2)s;CHCICH2PCl: 


CH3(CHz)sCH = CH: + SiHCls —> 
CH3(CH2)sCHCICH2SiCl: 


Yield in the latter reaction is 9g per cent. 
The value of this synthetic method 
is obvious. The products are valuable 
intermediates for further synthesis. | 
In particular, the type of reaction de- 
scribed above has been found useful in 
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the development of a type of polymer 
called a te/omer. The name is derived from 
the Greek ¢e/os meaning end and meros 
meaning part. Consequently, the process 
by which these compounds are produced 
is called telomerization. Thus, a com- 
pound, YZ, called a ¢e/ogen, is treated 
under polymerizing conditions with more 
than one unit of a polymerizable com- 
pound having an ethylenic unsaturation. 
The resulting compounds have the for- 
mula, Y—(A),—Z, where (A) is a diva- 
lent radical formed by the polymeriza- 
tion of the ethylenic component, and 7 is 
greater than one; Y and Zare the compo- 
nents of the telogen. In the telomer, the 
components are not present in recurring 
units, as is the case in the usual polymer. 
The components, Y and Z, of the telogen 
appear only once in the molecule and 
always on the terminal carbons of the 
polymerized ethylenic component, 
whereas the olefinic component may 
occur many times. There is no recurring 


unit such as YCH.CH.ZCH.CH.Y. 


Low Molecular Weights 


As examples of the formation of rela- 
tively low molecular weight telomers the 
following may be listed: 

a. The products resulting from the 
interaction of vinyl acetate and carbon 
tetrachloride have the general formula, 
CCl;[(CH:CH(OAc)|,Cl, where » is an 
integer from 1 to 8. When z =1, the com- 
pound is a simple additive product, but 
when w >1, the products are telomers in 
which the end group is characteristic. 
Refluxing the components in the pres- 
ence of benzoyl peroxide for 10 hours 
results in products of the above formula 
in which x»=1 and 2 predominantly. 
Smaller amounts of higher telomers are 
also formed (6). 

4. An invention similar to (a) involves 
the use of vinyl thiolacetate and ethyl- 
ene. These components are reacted at 
100°C. under a pressure of goo atmos- 
pheres of ethylene to give a telomer 
having a molecular ratio of three moles 


of ethylene to one of vinyl thiolacetate. 
By treating the polymer with potassium 
hydroxide in methanol, hard, tough, in- 
soluble films are formed, which remain 
infusible at temperatures as high as 
ago"U. (7). 

c. Ethylene reacts with hydrochloric 
acid in the presence of a free radical to 
yield a mixture of alkyl chlorides. The 
distillable products comprise all of the 
straight-chain primary alkyl chlorides 
having an even number of carbon atoms 
from #-butyl chloride to eicosy! chloride. 
Higher alkyl chlorides are formed in in- 
creasing proportions as the ethylene 
pressure is increased (8). 


Higher Molecular Weights 


Following are examples of higher mo- 
lecular weight telomers: 

a. Products having the general for- 
mula, H(CH.CH2)aR, where 7 is 22 to 
54, are formed when ethylene is polymer- 
ized in the presence of various oxygen- 
ated compounds. The preparations are 
made in a stainless steel autoclave under 


a pressure of 800-1000 atmospheres of 


ethylene in the presence of benzoyl per- 
oxide at 80°C. The following telomers 
are among those which have been de- 
scribed (g) (the figures after each com- 
pound giving the ratio of moles of ethyl- 
ene to moles of compound): the telomers 
from ethylene and a) ethyl malonate, 
39/1; b) ethyl acetoacetate, 35/1; c) 
methyl methoxyacetate, 47/1; d) 1,4- 
dioxane, 54/1; and e) 1,3-dioxolane, 
22/1. These telomers are therefore con- 
siderably smaller in size than the usual 
polymer or copolymer. The products 
are soft to hard waxes, melting at 
80-120°C., and are said to be useful as 
substitutes for carnauba wax. 

b. Telomers of ethylene and acetals 
are compatible with paraffin and waxes 
over wide ranges of composition, possess 
high wax-solvent retention, form contin- 
uous hard films without stringing or 
sticking, and have good solubility char- 
acteristics. They are prepared by the 
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reaction of ethylene with an acetal under 
conditions like those given in (g). Thus, 
the telomer, ethylene-1,3-dioxolane, 46/1, 
is a soft wax which is excellent as a mold 
lubricant for vulcanization. A similar re- 
action with methylal gives a telomer con- 
taining 57 moles of ethylene and one 
mole of methylal. Small amounts of other 
olefinic compounds may be added to 
modify the telomer. An example of such 
a telomer that has been prepared is 
— vinyl acetate 1,3-dioxolane, 
11§:3:5:1 (10). 

. hio ethers of the telomeric type are 
sone by the interaction of sulfhydryl 
compounds (especially hydrogen sulfide) 
and ethylene. The reaction takes place 
at high pressures and temperatures (11). 


nCHe=CHe2 + HaS—> H(CH2 — CHe)n-1SC2Hs 


A similar invention involves the reac- 
tion of sodium dithionite with ethylene 
at 750 atmospheres pressure in the pres- 
ence of benzoyl peroxide. A tough white 
polymer is obtained with a molecular 
weight of 17,000 (12). 

d. Plaster- and rubber-like materials 
are obtained by reacting a diene with a 
haloalkane in the presence of benzoyl 
peroxide. Typical dienes for this are 
1,3-butadiene, chloroprene, and 2,3-d- 
methyl butadiene. Typical haloalkanes 
are carbon tetrachloride, 1,1,1-trichloro- 
ethane, and chloroiodomethane (13). 

e. Telomers containing aromatic nu- 
clei may be converted to polysulfonic 
acids. For example, vinyl benzoate or 
styrene, when treated with a telogen 
such as carbon tetrachloride, forms tel- 
omers which, upon sulfonation, yield 
products having a 1:1 ratio of sulfuric 
acid groups to aromatic nuclei (14). 

If these styrene-carbon’ tetrachloride 
telomers are treated with nitric acid, 
polynitro aromatic compounds are ob- 
tained. For example, 
twenty parts of one of these telomers 
with 150 parts of fuming nitric acid gives 
a yellow product containing one nitro 
group per styrene unit. This compound 
may be reduced to the corresponding 


the reaction of 


amine (15). The polysulfonic acids and 
the polyamino aromatic compounds thus 
formed are used as intermediates in the 
preparation of dispersing agents, surface- 
active agents, dyes, and pigments. 


Mechanism 


As has been stated, telomerization 
apparently proceeds via a free radical 
mechanism, as may be illustrated by the 
addition of methyl dichloroacetate to an 


aliphatic olefin. 
Bz2O2 
RCH=CH:; + CHCl.COOCH;———> 


RCH2CH2CCleCOOCHs + 
RCH2CH:CHRCH:CClz,COOCH: + telomers 


If diacetyl peroxide is the catalyst 
the reaction may be written as follows: 


(CHsCOO)2 ——> CHs: + CO: + CHsCOO- (A) 


CHCl,.COOCH; + CHs- ——> 
CHi+ -CCl.COOCH: (B) 


RCH =CR: + -CChkCOOCHs ——> 
RCHCH2CCleCOOCHs (C) 


RCHCH2CCl,COOCHs + CHCl;COOCH: ——>- 
RCH2CH2CClsCOOCHsS + -CClhCOOCHs (D). 


However, instead of step (D), the free 
radical formed in step (C) could react 
with an additional olefin molecule thus: 


RCHCH2CCl,COOCH: + RCH =CH2 —>- 
RCHCH:CHRCH:CCl,COOCH5(E). 


The free radical product of reaction 
(E) may react again, either with methyl 
dichloroacetate as in equation (D) to 
form RCH.,.CH,CHRCH,CCI,COOCHs, 
or #-1 times with additional olefin mole- 
cules as in (E) to form the higher telomer. 
H(RCH-CH2)aCCl,COOCH; (16). 

It is interesting to compare the de- 
composition of diacetyl peroxide in alli- 
phatic acids (17). In this case only the 
methyl free radicals have sufficient en- 
ergy to remove the a-hydrogen atoms of 
the acids. The dimerization of the new 
free radical occurs as a result of the fact | 
that this radical is resonance-stabilized 
and requires a high energy of activation 
to react with the solvent. 
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P4077 N-Acetylethanolamine (Pract.)..................... 1 kg.. .$12.00 FE 
CH:CONHCH:CH:0OH. ..MW 103.12 
P 5922 N-Bromosuccinimide (Pract.) MP 175-177° dec.......100 g... 3.00C 
COCH2CH2CONBr. ..MW 177.00 
l J 
| a 5454 D-tert.--amyipnenol (Techn.)...:................5. 2 ke... 3.20G 
\ [((CHs)2C2:HsC]2CsHsOH. .. MW 234.37 
! P 3565 1,3-Diketohydrindene (Pract.) MP 131-133°.......... 10 g... 200A 
| CeHsCOCH2CO. ..MW 56.14 
i L J 
a 5524 2,6-Dinitro-4-chloroaniline MP 145-147°............. 100 g... 4.00C 
a | (NOz)2CsH2CINHe. .. MW 217.57 FE 
i 
te ae , : 
if P 5950 Ethylenethiourea (Pract.) MP 198-200°.............. 500 g..., 4.25D 
} CH2CH:NHCSNH. ..MW 102.16 
A | 5946 Ethyl Hydantoate MP 135-137°.................-.. 100 g... 9.00C 
' NH:CONHCH:COOGHs. .. MW 146.15 
| 526 Glutaronitrile BP 137-140°/10 mm................... 100 g... 9.00B 
at CN(CH2)3CN...MW 94.11 
if 2294 Hexamethylbenzene MP 164-166°................... 10 g... 3.00A 
(CHa)eCe... MW 162.26 
P 5932 Hexamethylenediamine (72%) (Pract.).............. ikg... 455E 
NH2(CH2)sNH2. .. MW 116.20 
P 5941 Pentamethylene Glycol (Pract.) BP 238-240°......... 500 g... 7.50D 


HO(CH2);OH...MW 104.15 ee 





